In the framework of a cohort study of pregnant women conducted in Brittany (France), we assessed the exposure to trihalomethanes (THM) during pregnancy in a subset by evaluating (1) potential sources of variability in household THM levels; (2) the between-and within-subject variability in THM levels; (3) THM levels in swimming pools; and (4) the role of water-related habits on total THM uptake. We visited 109 women from the ongoing cohort study at home for an interview and collection of tap water from October to December 2004. Forty-three of them were re-contacted to obtain a second tap water sample in April-May 2005. We designed a questionnaire to collect individual information on source and amount of drinking water, frequency of showering, bathing, and swimming pool attendance, and household characteristics. We obtained 282 THM measurements, 152 specifically for the study and 130 from a regulatory agency. Personal information and environmental data were combined using two methodologies (method 1 using regulatory data and method 2 using our THM measurements) with a different set of assumptions. We calculated ingestion, showering, bathing, and swimming pool THM uptakes and added up those uptakes to calculate total THM uptake. Average THM levels from our measurements in October, November-December, and April-May were 61.3, 45.1, and 54.5 mg/l, respectively. Geographical variability was low and characteristics of the household did not influence THM levels. Within-subject variability in THM levels was three times higher than between-subject variability. Average THM level in swimming pools was 80.4 mg/l. Average water consumption during pregnancy was 1.9 l/day. The source of the household drinking water was 90% bottled, 8% municipal, and 2% from other sources. Forty-seven per cent attended swimming pools during pregnancy. Using method 1, the geometric mean of total THM uptake was 0.93 mg/day. Showering contributed 64%, swimming in pools 23%, bathing 12%, and drinking water 1% to the total THM uptake. In a setting with low geographical variability and limited environmental measurements, individual data is highly relevant to determine personal THM exposure and uptake. In a population that mainly drinks bottled water (e.g., pregnant women), individual THM uptakes are dominated by inhalation and dermal absorption during, showering, swimming in pools, and bathing. r
Introduction
Water disinfection generates hundreds of by-products through reaction between the disinfectant and organic matter naturally occurring in the water (Richardson et al., 2002) . Chlorine is the most widely used disinfectant and trihalomethanes (THM) are usually the most prevalent byproducts of chlorination. Exposure to THM has been associated with increased risks of bladder and colon cancer (Cantor, 1997; Villanueva et al., 2004) , as well reproductive effects such as intrauterine growth retardation, low birth weight, preterm birth, congenital malformations, and stillbirth (Nieuwenhuijsen et al., 2000; Graves et al., 2001; Bove et al., 2002) . The literature evaluating birth outcomes and DBP exposure is prolific. However, risk estimates vary widely among studies due to different study designs, characteristics of the study populations, evaluated exposures, and exposure assessments. These heterogeneities make the comparison of results difficult and only one metaanalysis has been performed, to extract summary risk estimates of congenital anomalies (Hwang and Jaakkola, 2003) . The body of evidence points at an increased risk of some particular outcomes such as intrauterine growth retardation and urinary tract defects. However, evidence remains inconclusive, partly due to the small magnitude of the observed risks and the limitations in the exposure assessment. Consequently, there is a need to confirm previous associations with a new study based on an improved exposure assessment evaluating different exposure routes (ingestion, inhalation, and dermal absorption) and detailed exposure over the pregnancy, since specific periods could be particularly sensitive.
As part of a cohort study on pregnancy and childhood outcomes that we are conducting in Brittany (France) to evaluate reproductive effects associated with exposure to disinfection by-products (DBPs), we undertook a detailed exposure assessment in a sub-sample of this cohort. We used THM as a marker of DBP levels and (1) evaluated potential sources of variability in household THM levels including characteristics of the household, distribution system and season; (2) evaluated the within-and betweensubject variability in household THM levels; (3) explored THM levels in swimming pools as a source of THM exposure; and (4) evaluated the influence of personal waterrelated habits in the estimation of THM exposure through ingestion, inhalation, and dermal absorption during different activities.
Materials and methods

Study population and geographic area
We selected 203 women of whom 109 participated (50.3%) from our on-going cohort study (Pe´lagie study) who lived in two areas: (1) Rennes city or metropolitan area, and (2) the city of Vitre´. Study women had given birth recently, on average in the last 9 months (range 7 weeks-19 months). The Rennes area is served by two water distribution systems (Rennes Haut, Rennes Bas) and Vitre´is served by one single distribution system. The three distribution systems are supplied with surface water, and Rennes Bas has a varying additional contribution of ground water (average 20%). Disinfection method in the three distribution systems consists of hypochlorite and preozonation. Chlorine gas was added at the end in Rennes Bas if necessary.
THM data
Study subjects were visited at home to collect tap water samples between October and December 2004. Forty-three of them were visited again in April-May 2005. We collected 70 tap water samples in October, 32 in November, and 12 in December in 2004, and 42 in April and 1 in May in 2005. The sampling periods were selected on the basis of available regulatory THM measurements suggesting that the annual peak occurred in October-November, and that April-May were among the months with lowest levels. We measured in situ pH with a portable pH metre, and free and combined chlorine with a colorimetric technique. We selected three popular swimming pools in the study area and collected five water samples to measure THM levels. Samples were kept refrigerated (4 1C) until the analyses in the National School of Public Health (École Nationale de SanteṔ ublique, ENSP) laboratory, in Rennes. THM were analysed through head-space followed by gas chromatography coupled with a mass spectrometer (GC-MS) according to the French Norm (NF) ISO 10 301 to analyse highly volatile halogenated hydrocarbons. 
Individual data
We designed a four-page questionnaire to collect personal information on water consumption, drinking water source, water-related habits, and characteristics of the household. The questionnaire was sent by regular mail and was self-completed by the participants. We collected the questionnaires during the visit in the house when we obtained the water sample. The questionnaire was checked to minimise missing answers. The interviewer read literally the question to the participant when an answer was blank. Non-missing answers were not checked.
Data on the household included address, type of household (house/ apartment), floor and number of apartments in the building (if lived in an apartment), and number of people living in the household, if they moved residence during pregnancy (number of times and address of previous residences, by trimester), if they worked during pregnancy (if yes, address of workplace by trimester). Data on water ingestion comprised average current consumption per day of water-based fluids (water, coffee and tea or herbal drinks) in the household and in the workplace. The actual question was: ''What is the amount of (1) water, (2) coffee, and (3) tea that you drink currently on average, per day? (overall, in the meals and outside the meals), in the household and in the workplace.'' We asked if habits had changed during pregnancy: ''During pregnancy, did you modify your usual consumption of water, coffee or tea?'', When women answered positively, consumption during pregnancy was asked: ''What was the amount of (1) water, (2) coffee, and (3) tea that you drank on average per day during pregnancy? (overall, in the meals and outside the meals), in the household and in the workplace.'' Source of drinking water, water to prepare coffee, tea or herbal drinks, and water for cooking during pregnancy in the household and in the workplace were collected: ''What was the main source of drinking water in your household during pregnancy? (indicate the source you think the most frequent)'': (a) Tap water. Public network. (b) Tap water. Private well (c) Bottled (d) Other (specify)''. The question was repeated referring to the workplace. When they reported drinking municipal water, we asked whether they used filters and what type of filter: ''Did you use a filter?'' If yes, ''Please indicate the filter type'' (open question). We asked frequency and duration of showering and bathing during pregnancy: ''For your personal hygiene during pregnancy, did you usually take (a) showers (b) baths (c) both (d) other (specify)?''; ''How frequently did you shower/bath during pregnancy?''; ''What was the usual duration of a shower/bath during pregnancy?''. We asked wether they attended swimming pools during pregnancy, frequency and duration of attendance ''During your pregnancy, did you go to the swimming pool?'' f yes: ''How frequently?'' and ''How long did you usually remain in the water?'' by trimester and type of pool (indoor/ outdoor). We collected the name of the swimming pool they usually used.
We finally asked for the average annual water consumption in the household (from the water bill).
Temporal and geographical variation of THM levels
The evaluation of temporal and geographical variation of THM levels provided the basis for the assumptions we applied in the calculation of residential THM levels during pregnancy.
We used THM data provided by the Ville de Rennes (130 measurements from 2001 until 2005) to evaluate the annual and seasonal variation in Rennes. Data showed a seasonal trend slightly modified by year, with highest levels generally found in late summer-early fall, and a slight constant decrease in THM levels over the years (Fig. 1 ). An analysis of variance (ANOVA) of the log-transformed THM levels adjusted simultaneously for year, month, distribution system, and interaction between month and year showed a significant decrease in annual average THM levels over the years, a significant effect of season with peak concentrations in August, September, and October, and a significant interaction between year and month (p-value o0.01). Distribution system was slightly significant (p-value ¼ 0.04). Records of THM levels in Vitre´were insufficient to evaluate seasonal and annual variation.
We used data from the Ville de Rennes (96 measurements from 2001 until 2003) to examine geographical variability in the Rennes distribution system. We compared average THM levels in the three constant sampling points, stratifying by season. Average levels in winter months (December to February) were 57.7 mg/l (SD 12.6, N ¼ 9) and 56.1 mg/l (SD 19.5, N ¼ 6) respectively in the two sampling points in Rennes Haut, and 64.9 (SD 19.0, N ¼ 9) in the sampling point in Rennes Bas. The comparison of the averages applying an ANOVA showed that the differences were nonstatistically significant. The same procedure was repeated for spring, summer, and fall months and no statistically significant difference between Rennes Haut and Rennes Bas was found. We repeated these comparisons using data from our own measurements and confirmed the low geographical variability, with no statistically significant differences. Since the city of Vitre´included one single distribution system, we examined the variance to evaluate the magnitude of geographical variability. Using our measurements (N ¼ 24 in Vitre´and N ¼ 128 in Rennes), the p-values of F test comparing variances in Rennes and Vitre´showed no significant differences in variances in October (p-value 0.83) and November-December (p-value 0.30). In April-May, the difference in variance between Rennes and Vitre´were in the limit of significance (p-value 0.05).
Residential THM level during pregnancy
We calculated conception dates by subtracting gestational age to birth date. The first month of pregnancy was defined as the actual conception month if day was between the 1st and the 15th day of the month. If conception day was between 16th And 31st day of the month, first month of pregnancy was defined as the following to conception month. The 2nd-9th months of pregnancy were defined as the next consecutive 8 months from the first month of pregnancy. Fourteen women (14% of study population) had changed residence during pregnancy. All of them except one moved within the same municipality and she was excluded from the THM analyses. We calculated residential THM level during pregnancy following two methodologies:
Using regulatory data (N ¼ 97 subjects in Rennes distribution system). We assumed negligible geographical variation in THM levels and monthly average based on the two sampling points in Rennes (Rennes Bas and Rennes Haut) was calculated year by year. We assumed no variation within month and this average was applied to the whole month. We merged the monthly average with personal data for all women living in Rennes city and metropolitan area by month and year of pregnancy. The 9-month average was used as average residential THM level during pregnancy. Method 2.
Using Pe´lagie measurements of subjects included in the two campaigns (N ¼ 43 subjects). The first underlying assumption was that geographical variability was negligible within distribution system. The second assumption was the simplification of the seasonal trend into two periods: (1) peak levels in August, September, and October, and (2) the rest of the year. We averaged levels in October separately for Rennes and Vitre´and assumed that August and September had this average level. The April, May, November, and December levels were averaged and months from November to July were attributed this average level. We merged the resulting monthly averages with personal data by municipality of residence during pregnancy, month and year of pregnancy. Residential THM level during pregnancy was calculated as the average of the 9 months of pregnancy. 
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THM uptakes
We calculated THM uptake through different routes by duplicate, using the residential THM level during pregnancy obtained from methods 1 and 2. We used specific uptake factors for each of the four THMs (chloroform, bromodichloromethane, dibromochloromethane, and bromoform) estimated on the basis of data in the literature. Total THM uptake was calculated as the addition of chloroform and brominated THM uptakes. Methodology used to calculate ingestion, showering, and bathing THM uptake factors has been given in detail elsewhere (Whitaker et al., 2003) . These uptake factors, calculated on the basis of Backer et al., 2000; Lynberg et al., 2001 have been previously used by other authors (Savitz et al., 2006) . Swimming pool uptake factors were calculated following the same methodology as described by Whitaker et al. 2003 , on the basis of the studies by Aggazzotti et al., 1995 . Following these uptake factors approach we estimated the levels of THMs in the blood stream of women i.e., potential dose for the foetus.
Ingestion THM uptake (mg/day) was calculated by multiplying residential THM level during pregnancy (mg/l) by water consumption (l/ day) and the ingestion uptake factor. If they used a filter, we applied a 90% reduction on THM levels (Egorov et al., 2003) . Drinkers of nonmunicipal water sources (e.g., bottled) were assumed to be unexposed to THM through ingestion. Tea and coffee consumption were excluded from those analyses. The ingestion uptake factors were calculated assuming a whole body blood volume of 5 l. The actual algorithms we used were:
Showering and bathing THM uptake (mg/day) were calculated separately by multiplying residential THM level during pregnancy by duration of showering or bathing (min/day) times the uptake factor. The actual algorithms we used were: min/day showering Â mg/l chloroform in water Â 0.001536261 mg/min/ mg/l, min/day showering Â mg/l brominated THM in water Â 0.001352065 mg/ min/mg/l, min/day bathing Â mg/l chloroform in water Â 0.001320755 mg/min/ mg/l, min/day bathing Â mg/l brominated THM in water Â 0.00129571 mg/ min/mg/l Swimming in pools THM uptake (mg/day). Average THM level in swimming pools (mg/l) was multiplied by minutes swimming per day times swimming uptake factor to estimate swimming pool THM uptake. The actual algorithms we used were: min/day swimming Â mg/l chloroform in water Â 0.002541407 mg/min/ mg/l, min/day swimming Â mg/l brominated THM in water Â 0.0022367211 mg/ min/mg/l.
We calculated uptakes separately for each of the three trimesters of pregnancy and averaged them to calculate the pregnancy average. In order to minimise missing values in this average, when data of some trimester was missing we ignored the missing trimester and calculated the average of the remaining trimesters.
Household and total THM uptake (mg/day). Ingestion, showering and bathing uptakes were added up to obtain total household THM uptake. We added in a second step THM uptake in swimming pools to calculate total THM exposure.
Statistical analysis
We used linear regression adjusting for distribution system and/or month to evaluate the significance of the difference in THM levels by distribution system, month, and household characteristics. For that purpose we used the log-transformed THM levels. In this and following analyses, the two networks of Rennes (Rennes Haut and Rennes Bas) were pooled. To describe fluid consumption, we used equivalences between volume and cups of tea (1 cup ¼ 150 dl) or coffee (1 cup ¼ 75 dl) previously validated (Geoffroy-Perez and Cordier, 2001) . To calculate geometric mean of THM uptakes, we substituted zero values of water ingestion or duration of shower-baths-swimming pools for 10 À5 . To evaluate the relative importance of ingestion, showering, bathing, and swimming in pools on the total THM uptake we performed an analysis of covariance (ANCOVA) using the estimated uptakes following method 1. We log-transformed total household THM exposure and adjusted for amount of water intake (l/day), frequency of showering (min/day), bathing (min/day), and swimming in the pool (min/month) as continuous variables. We performed a second ANCOVA of the log-transformed total household THM exposure, in a similar way but excluding the swimming pool component.
Results
Average THM levels from our measurements were higher in October (61.3 mg/l) compared to April-May (54.5 mg/l) and November-December (45.1 mg/l). The same pattern was found for chloroform, bromodichloromethane, and dibromochloromethane. However, bromoform levels were lower in October (3.5 mg/l) relative to April-May (6.1 mg/l) and November-December (5.2 mg/l). THM levels in the two networks of Rennes (Rennes Haut and Rennes Bas) were very similar and were pooled for further comparisons. Average THM levels were slightly higher in Vitre´(60.9 mg/l) than in Rennes (54.8 mg/l), and the difference was statistically significant for specific THM like chloroform (higher levels in Vitre´) and both dibromochloromethane and bromoform (higher levels in Rennes). Characteristics of the household such as being an apartment vs. a house, floor, number of people living the household, number of apartments in the building, or annual water consumption in the household had little or no influence on neither total or specific THM nor chlorine (Table 1) . Average pH levels in October (N ¼ 70), November (N ¼ 32) and April (N ¼ 42) were, respectively 7.7 (standard deviation, SD, 0.2), 7.6 (SD 0.2) and 7.5 (SD 0.2). Average levels in Rennes (N ¼ 60) and Vitre´(N ¼ 10) in October were 7.6 (SD 0.2) and 7.4 (SD 0.1), respectively.
The within-subject variability of THM levels in the 43 women who were visited two times to obtain tap water samples, one in Spring (April-May) and another in autumn (October-to November) (total 86 water samples), explained 75% of the variability of household THM levels. The differences between subjects explained 25% of total THM variability. Analyses of our measurements (N ¼ 152) indicated that sampling time (morning/afternoon) did not have a significant influence on THM levels. The average in the morning (up to 12 p.m.) was 53 mg/l and in the afternoon was 55 mg/l. Multivariate analyses adjusting simultaneously for sampling time, distribution system, and period of the year showed that sampling time was in the limit of significance (p-value 0.048) while period was strongly significant (p-valueo0.01) and distribution system was also significant (p-value 0.017).
About half of the study population (N ¼ 51) attended swimming pools during pregnancy (47%). The women who reported the name of the swimming pool they attended went to 12 different swimming pools. Six swimming pools were attended by a single woman. The three swimming pools we selected to analyse THM levels had been attended by 49% of the women (N ¼ 25). The total THM level in swimming pools was on average 80.4 mg/l, with a high proportion of chloroform, 71.4 mg/l. Brominated species decreased in concentration with bromine content. Free and total chlorine were also high (1.1 and 1.7 mg/l, respectively), compared with levels in drinking water (0.07 and 0.21 mg/l, respectively, in October) ( Table 2) .
Seventy-one women (65% of study subjects) reported having water ingestion habits during pregnancy different from the current ones. The amount of water consumption during pregnancy was on average 2 l/d. One study subject reported no intake of water. Among women who worked during pregnancy (83% of study population), 59% of total water intake was consumed in the household and 41% in Average (standard deviation). *p-value o0.05, from linear regression adjusting for distribution system (Rennes vs. Vitre´); # p-value o0.05, from linear regression adjusted for month (November-December vs. October); **p-value o0.05, from linear regression adjusting for distribution system (Rennes vs. Vitre´) and month (November-December vs. October).
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a Analysis limited to 109 measurements in October-December. Chlorine (mg/l) Free chlorine 1.1 (0.9) 0.8 0.3-2.5 Total chlorine 1.7 (0.9) 1.8 0.2-2.0 the workplace. Five out of the 90 women who worked during pregnancy reported no intake of water in the workplace and another five did not report amount of water intake in the workplace. Coffee consumption was on average 1.1 cups/day (0.08 l), and was mostly consumed at the home (63% of total coffee consumption among those women who worked). Tea consumption was on average 1.4 cups/day (0.2 l) and was mostly consumed at the home (64% of total tea consumption of the women who worked). Consumption of municipal water was very low, particularly in the household: 8% of women in the home and 20% in the workplace drunk municipal water. Source of drinking water was mostly bottled (90% of all the women, in the household). Women who worked during pregnancy had a slightly higher consumption of bottled water in the home (93% of them, compared to 72% of those who did not work). Among the women who worked during pregnancy and consumed bottled water at the home, 17% switched to municipal water in the job and 3% to other sources. Only 2% of women drank bottled water in the job and municipal in the home. However, water used to prepare coffee and tea was mostly municipal, both in the home and the workplace (approximately 90% of women both in the home or the workplace). All women used municipal water to cook. Use of filters for municipal water was low (7% of women who consumed in the home and 12% in the job) (Table 3 ). Three out of the eight home filter users were municipal water drinkers, four were bottle water users, and one consumed water from other sources. Most of the study population took showers during the pregnancy (58% exclusively, and 41% in combination with baths), and only 1% took exclusively baths. Frequency of showering on average during the whole pregnancy was six times per week, with a mean duration of 9 min per shower. Among those who took baths, frequency of bathing was lower (1.6 times per week on average), but duration was longer (26 min) (Table 4) . Average frequency and duration of bathing in the overall population were 2.9 times per month and 6.3 min. Among swimming pool users, frequency of attendance was 3.0 times per month on average during the pregnancy. Frequency was similar in the three trimesters: 3.1, 2.7, and 2.9 times/month, respectively in the first, second, and third trimester. Average duration of each session in the water was 51.7 min in the whole pregnancy, and respectively 47.3, 52.7, and 54.2 min in the first, second, and third trimester. By combining frequency and duration, we obtained an average duration per month shown in Table 4 . In the overall population, average attendance to indoor swimming pools was 0.9, 1.0, and 0.9 h/month, respectively in the first, second, and third trimester.
Average residential THM level during pregnancy was 50.9 mg/l according to calculation method 1, and 58.3 mg/l according to method 2. The estimated daily THM uptakes in different water-use situations are shown in Table 5 . The largest average THM uptake was due to showering and ingestion accounted for the lowest average THM uptake.
Average THM uptakes for swimming in pools in the first, second, and third trimesters were, respectively, 0.35, 0.39, and 0.37 mg/day. Uptake for the subsets included in models 1 and 2 are shown in Table 5 . Showering was the main contributor to total household THM exposure, followed by bathing and ingestion. On average, showering was also the main contributor to total THM exposure, followed by swimming in pools, bathing and ingestion. The spearman correlation coefficients between household THM uptake with water intake, frequency of showering, and bathing were, respectively, 0.18, 0.72, and 0.31 (N ¼ 90), according to method 1. The analysis of covariance (ANCOVA) to the logtransformed household THM uptake confirmed that variability in frequency of showering and bathing were the main predictors of variability in household THM uptake, explaining 75% of the variability. Ingestion and distribution system did not significantly contribute to the model. The Spearman correlation coefficients between total THM uptake with water intake, frequency of showering, bathing, and swimming in pools were, respectively, 0.08, 0.40, 0.18, and 0.70 (N ¼ 89). The ANCOVA of the log-transformed total THM uptake confirmed that variability in frequency of showering, bathing, and swimming were significant predictors and explained 78% of total THM uptake variability. Water consumption and distribution system did not make a significant contribution. Frequency of swimming pool attendance was the variable with highest influence in the model, followed by frequency of showering. We divided the study subjects in tertiles of method 1 and method 2 household THM uptakes. Cross-tabulation of the 29 subjects with both metrics showed a high agreement rate between methods (82.7%). We calculated alternatively total THM uptake omitting showering and bathing, and Spearman correlation coefficient between method 1 and this alternative THM uptake was 0.67. The Spearman correlation coefficient was very similar (0.66) after including population average showering and bathing in the alternative metric.
Discussion
The main source of variability in THM levels was temporality. THM levels tended to decrease over the years. Seasonal trend was modified by year and months with highest levels that tended to be generally between August and November. Geographical variability was low and characteristics of the household did not influence THM levels at the tap. Within-subject variability was three times higher than between-subject variability. Given that withinsubject variability was mostly due to seasonality and between-subject variability mostly due to geographical variability, results suggest that seasonal variation was much larger than geographical variation. The study population was mostly unexposed to THM through ingestion since the main source of drinking water was bottled. Dermal and inhalation routes were predominant, particularly given that half of the study population attended swimming pools during pregnancy. Showering was the main source of THM uptake, followed by swimming in pools, regardless of the methodology used to calculate residential THM level during pregnancy.
Total THM levels and particularly chloroform in swimming pools were higher than in households, reflecting the continuous addition of chlorine. Although we had few measurements in swimming pool water (five samples in three swimming pools), the standard deviation was low, suggesting a low variability. However, chance cannot be excluded. We included some of the most popular swimming pools in the study population. Two of the three swimming pools that we analysed were the most frequented swimming pools by the study women (37%). The remaining swimming pool was the fifth more frequented (12% of women). Since there were no previous data on THM levels in swimming pools in the study area, these measurements accomplish our objective of exploring levels and estimation of exposure in swimming pools.
The seasonal pattern we found, although modified by year, is generally consistent with other studies that described peak levels in late summer (El Shahat et al., 2001; Symanski et al., 2004) and fits partly with studies that found peak levels from July to September (Hinckley et al., 2005; Porter et al., 2005) . The higher concentrations in late summer and early autumn are coherent with meteorological conditions in the study area. Lower river flow due to lower rainfall and higher temperatures in summer would yield increased concentrations of DBP precursors. However, other studies reported peak levels in late spring-early summer (Lewis et al., 2006) or identified little or no seasonal variation at all (Keegan et al., 2001) . Given that meteorological conditions may vary among areas and the numerous factors that potentially can influence THM levels, seasonal trends should not be generalised to other settings. Given the relatively few measurements and large variability, in any further epidemiological study in a setting with low spatial variability, it is advisable to use estimates of THM concentrations capturing mainly temporal trends (year, month, and the interaction between both) and to a lesser extent geographical variability. We found that THM uptake mainly can be explained by showering, bathing, and swimming, which provides important information for the epidemiological study. We did not include coffee or tea consumption in the ingestion THM uptake, although these beverages were mainly prepared with municipal water. Coffee and tea contain organic components that can react with residual chlorine to form new DBPs (Huang and Batterman, 2003; Wu et al., 1998) . In addition, temperature may similarly induce the formation of some DBPs and degradation of others into simpler ones (Li and Sun, 2001; Wu et al., 2001) , while boiling can reduce THMs through volatilisation considerably (Batterman et al., 2000; Krasner and Wright, 2005) . Under these conditions, ingested THM levels through coffee and tea will certainly differ from levels measured in cold tap water, and may be negligible. Given the complexity of these processes and the expected low levels we omitted coffee and tea from the ingestion THM exposure uptake. However, this is probably a minor source of error on the THM exposure. Omission of ingestion THM uptake in the workplace may have introduced some measurement error, but since the proportion of municipal water consumption in the workplace was low, the magnitude of this measurement error was probably low. The ingestion THM uptakes that we found are very low compared to those found by Savitz et al. (2006) , who found average ingested THM levels of 73.12, 4.70, and 56.42 mg/l in three study sites, respectively. The average chloroform ingestion uptake we found is in the range of those observed by Whitaker et al. (2003) . However, methods are not strictly comparable, since Savitz et al. (2006) and Whitaker et al. used correction factors for hot water intake that we did not apply. Estimated THM uptakes are intended to be surrogates of the real exposure, given these estimations have some intrinsic measurement error due to assumptions and variations with time, environment, and individual's physiology. One potential source of measurement error was the tendency of study subjects to report showering and bathing in 5-min increments, which is a simplification of actual duration of exposure, yielding an imprecise uptake metric. As a consequence, the household or total THM uptake will involve the addition of errors from their components. However, combined uptake estimates are valuable and provide relevant information, e.g., comparison among studies. An exhaustive exposure assessment should include estimation of uptakes or exposure markers from different situations independently, as well as combined indices.
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The two methods followed to calculate residential THM levels during pregnancy implied a different set of assumptions, particularly method 2. Since collection of our water samples occurred a few months after delivery (average and median: 9 months), the delay from the period of pregnancy introduced a measurement error of the exposure. As long as this happened equally in the whole population, the error would affect the risk estimates by decreasing precision but not biasing the estimates. Ignoring monthly variation was another source of error in method 2, Furthermore, the analyses of repeated measurements of a sub sample showing that the within-subject variance was three times larger than the between-subject variances suggested that using these measurements in an epidemiological study may lead to considerable attenuation (Burdorf, 2003) . However, the agreement rate of exposure categories between methods 2 and 1 (implying fewer assumptions than method 2) was high.
It is not known which DBPs, if any, are putative agents for the risk of adverse reproductive outcomes. It is possible that one or all the THMs are putative agents, alternatively we can view THM levels as a marker for levels of a putative DBP. The use of THMs levels as a marker has an intrinsic limitation, since we do not observe the levels of the chemical/s of interest and we do not know the correlation with THMs. In our study the slight difference of pH in the study areas might suggest a different composition of DBPs. However, given the difficulty of measuring a range of DBPs, THM measurements are cost-efficient and reasonable markers of other chlorination by-products. The use of THM is justified in our study since drinking water treatment includes chlorination with sodium hypochlorite in all treatment plants of the study area. If the putative agent was a non-volatile DBP and/or non-skin absorbent, THM levels would not be good markers of exposure, particularly if the levels were weakly correlated. The ingestion component would also be the primary route of exposure for non-volatiles so consideration of other sources of exposure variability such as hot water intake and workplace exposures would need to be considered to minimise exposure misclassification. Under the hypothesis that the putative agents are the THMs themselves, the active agent could either be the parent compound or a metabolite. One way to address this issue is in the uptake factors of the ingestion metric. The uptake factor we used to create the combined exposure assumes that the putative agent is the parent compound. If the putative agent were a metabolite, we may instead apply an ingestion uptake factor of 1, and this is what we assumed in the calculation of the ingestion THM exposure index. Inhalation and dermal uptake factors remain the same, assuming that the fraction incorporated sooner or later will be metabolised.
The main limitation of this study is the small numbers of THM measurements. The small study population is a minor limitation, since this is a subset of the cohort, enough to address different aspects of exposure assessment that will be applied to the complete study population. The limited exposure data is more serious, and we had to work with it. We collected personal behavioural data on ingestion, showering, and bathing for the whole pregnancy. Having at least two measurements of personal behaviour and THM measurements during pregnancy could have allowed us to disentangle exactly whether temporal variability in THM levels or the personal behaviour was the most important source of THM uptake variability. On the other side this is the first study reporting THM uptake for swimming in pools and measuring personal swimming pool attendance at three different time windows during pregnancy. This is the first study to measure potential factors of variability at household level as surrogates of residence time of water in the network. In addition, this is one of the few reports with detailed water consumption data in the workplace apart from the household, and one of the few reports of personal water-related activities during pregnancy in non-North American populations. Finally, being a population mainly exposed through inhalation and dermal absorption is a unique feature that will allow the isolation of the ingestion route.
We conclude that household characteristics do not appear to influence THM levels in the tap. In a study setting with low geographical variation in THM levels, time trends in THMs and personal behaviour become the main determinants of exposure. THM uptake was to a large extent explained by water-related activities. This illustrates the relevance of collecting individual information on different water-related activities, particularly when THM measurements are sparse. The study population mainly consumed bottled water and individual THM uptakes were dominated by inhalation and dermal absorption. Given that the seasonal pattern was modified by year and the diversity of seasonal trends described in the literature we conclude that seasonal patterns are site-and year-specific and they should be specifically evaluated in future studies.
